Study Design. A prospective multicenter cohort study. Objective. The aim of this study was to compare outcomes of surgery for the treatment for degenerative cervical myelopathy (DCM) between Caucasians and East Asians. Summary of Background Data. Numerous studies have indicated that race can influence both disease prevalence and clinical prognosis in a variety of medical conditions; however, none have evaluated the impact of race on surgical outcomes in patients with DCM. Methods. Four hundred and seventy-nine patients with symptomatic DCM were enrolled in the prospective AOSpine CSMInternational study at 16 global sites. Preoperatively, and at each follow-up, patients were evaluated using the modified Japanese Orthopedic Association scale (mJOA), the Nurick score, the Neck Disability Index (NDI), and the Short-Form 36 (SF-36) Health Survey. A mixed-model analytic approach was used to evaluate differences in outcomes between races at 24 months postoperatively, while controlling for relevant baseline characteristics and surgical factors. Results. Three hundred and twenty-four (67.64%) patients were Caucasian and 106 (22.13%) were East Asian. There was no difference in the incidence of ossification of the posterior longitudinal ligament (OPLL) between the two races; however a greater percentage of Caucasians in India (46.15%) and Turkey (41.38%) displayed evidence of OPLL than Caucasians in other regions (P < 0.001). The frequency of spondylosis was significantly higher in Caucasians (P < 0.001). Caucasians had a longer duration of symptoms (27.33 AE 34.47 months) than East Asians (23.11 AE 35.68 months) (P < 0.001), and a lower preoperative score on the SF-36 Physical Component Score (33.85 AE 9.04) than East Asians (37.47 AE 8.67) (P < 0.001). At 24 months after surgery, there were no differences in functional status or QOL between East Asians and Caucasians, after adjusting for baseline characteristics, surgical preferences, and disease causation. Rates of perioperative complications were not significantly different between the races (P ¼ 0.261). Conclusion. Decompressive surgery for DCM results in comparable functional gains and is equally safe in Caucasians and East Asians.
D
egenerative cervical myelopathy (DCM) is a common spine disorder that results in progressive compression of the cervical spinal cord and leads to neurological deterioration and functional impairment. 1, 2 The prevalence of DCM has been conservatively estimated as 4.04 to 7.88 per 100,000 3, 4 and is projected to increase as the age structure of the global population experiences an upward shift. 5 Surgical decompression is emerging as the gold standard for the management of symptomatic DCM, as it is halts neurological deterioration and improves functional deficits. 1, [6] [7] [8] Numerous studies have evaluated the impact of race on disease prevalence and prognosis in conditions such as diabetes, cardiovascular disease, cancer, and psychiatric disorders. [9] [10] [11] [12] In contrast, there is limited evidence discussing the impact of race on outcomes following spine surgery. Two retrospective studies assessed the safety of cervical spine surgery in patients of different races. 13, 14 In a sample of American DCM patients, Alosh et al. 13 reported that rates of anterior surgery were higher in White patients than in Black or Hispanic patients, and that frequency of inhospital deaths was the highest in Black patients. Skolasky et al.
14 confirmed these findings and demonstrated that Black patients have a greater risk of complications and mortality than White patients following either anterior or posterior cervical spine surgery.
There is, however, no international large-scale study that compares outcomes of decompressive surgery for DCM across races. East Asians tend to have narrower cervical spinal canal diameters, 15 a higher prevalence of ossification of the posterior longitudinal ligament (OPLL), [16] [17] [18] and a different comorbidity profile than other races. These racial variations could influence surgical prognosis, postoperative functional status and quality of life (QOL), and rates of perioperative complications.
The objective of this study is (1) to compare functional and QOL outcomes between Caucasian and East Asian patients undergoing cervical decompressive surgery for DCM, and (2) to evaluate racial differences in disease causation, surgical techniques, and rates of perioperative complications.
MATERIALS AND METHODS

Subjects
Between October 2008 and January 2011, 479 patients with clinically and radiographically confirmed DCM were enrolled in the AOSpine CSM-International prospective study at 16 global sites: six sites in Asia Pacific, five sites in Europe, three South American sites, and two North American sites. All participating centers were either academic institutions or high-volume private practices and all had experience conducting prospective clinical research. Investigators were either neurosurgeons or orthopedic spine surgeons. This study was approved by institutional review boards at each site and was registered on clinicaltrials.gov under NCT00565734.
Subjects were approached to participate in this study if they satisfied the following inclusion criteria: (1) aged 18 years or older; (2) presenting with symptomatic DCM with at least one clinical sign of myelopathy; (3) evidence of cervical cord compression on magnetic resonance imaging (MRI) or computed tomography (CT); and (4) no previous cervical spine surgery. Patients were excluded if they were asymptomatic or were diagnosed with active infection, neoplastic disease, rheumatoid arthritis, ankylosing spondylitis, or concomitant lumbar stenosis. Our definition of DCM included myelopathy secondary to spondylosis, disc herniation, OPLL, hypertrophy of the ligamentum flavum, subluxation, or a combination of these degenerative changes. 2 The source of stenosis and causative pathology of myelopathy were determined by the attending surgeon using MRI or CT scans.
Data Collection
Extensive data were collected for each participating subject, including demographic information, causative pathology, medical history, symptomatology, and surgical summary. Each subject received a neurological examination at baseline and at 24 months following surgery. Functional status was also evaluated at these time points using the modified Japanese Orthopaedic Association (mJOA) and the Nurick score. QOL was measured using two patient questionnaires, specifically the Neck Disability Index (NDI) and the Short Form-36 version 2 (SF-36). From the SF-36, the Physical Component Score (PCS) and Mental Component Score (MCS) were calculated using established norms and orthogonal transformations. All adverse events were prospectively collected throughout the study period, processed at a central data management center and classified as related to surgery, related to myelopathy, or unrelated. All surgery-related events that occurred within 30 days of operation were defined as perioperative complications.
Information about a patient's race was also collected using the following options: (1) White or Caucasian (e.g., Italian, English, Iranian); (2) Black or African-American; (3) Native American (e.g., Latin American, Alaska, Eskimo); (4) Oceanian (e.g., New Guinean, Australian, Aborigine); (5) East Asian (e.g., Japanese, Chinese, Malay, Polynesian, Micronesian); or (6) other. Of the 479 participants, 324 were classified as Caucasian (67.64%), 106 East Asian (22.13%), 19 (3.97%) Black or African American, three (0.63%) Native American, and one (0.21%) Oceanian. We excluded Black or African Americans, Native Americans, Oceanians, and ''others,'' as there were too few subjects in these racial groups to conduct separate analyses. As a result, this study focused on comparing baseline demographics, causative pathologies, surgical characteristics, and functional and QOL outcomes between Caucasians and East Asians.
Quality Assurance
External research monitors performed on-site evaluations to ensure that the data were accurate, reliable, and complete and that the study was conducted in accordance to the protocol. All data were transcribed into an electronic data capture system and were processed at the AOSpine clinical research network data management center.
Statistical Analysis
Means AE standard deviations were used to describe continuous variables and frequencies and percentages were used to summarize categorical variables. Baseline demographics, preoperative scores, and surgical characteristics were compared between the two races using unpaired t test for continuous variables and a Chi-square test for categorical variables.
Of 430 subjects included in the analysis, 347 (80.70%) had 24-month follow-up data. Subjects who did not attend 24-month follow-up withdrew from the study, missed their scheduled appointment, or died. A last observation carry forward approach was used to impute missing data at 24 months. Following imputation, mJOA data were available for 407 patients (94.65%), Nurick data for 406 (94.42%), NDI for 340 (79.07%), and SF-36 PCS and MCS for 405 (94.19%). NDI information was not collected in China, as this scale was not validated in the Chinese language at the time of the study.
A mixed-model analytic approach was used to compare change in functional status and QOL (preoperative to 24 months) between Caucasians and East Asians. The independent variable of the model was race and the dependent variable was surgical outcome at 24 months following surgery (DmJOA, DNurick, DNDI, DSF-36v2 PCS, and MCS). Our first unadjusted model examined the relationship between race and surgical outcome, while controlling for preoperative baseline severity score. We then developed two adjusted models that accounted for racial variations in (1) baseline demographics and causative pathology and (2) both baseline characteristics and surgical factors.
In a subanalysis, we evaluated differences in disease causation between Caucasians living in Asia and those living in North America to determine the impact of region on disease presentation and development.
RESULTS
Of the 324 Caucasians, the majority were treated in Europe (38.58%) or North America (31.48%), 16.05% were treated at sites in Asia Pacific, and 13.89% at centers in Latin America. Patients of East Asian descent were primarily managed at sites in Asia (86.79%); however, 12.26% were treated in North America. Table 2 ). The number of comorbidities (P ¼ 0.029) and comorbidity score (p ¼ 0.013) were both significantly higher in Caucasians than in East Asians as well as the incidence of cardiovascular disease (P ¼ 0.006) and depression (P ¼ 0.004) ( Table 1 ). East Asian patients had a higher preoperative score on the SF-36 PCS (P < 0.001) and five of its eight subscales, including physical functioning (P ¼ 0.001), role limitations physical (P < 0.001), bodily pain (P ¼ 0.012), emotional well-being (P ¼ 0.022), and energy/fatigue (P ¼ 0.011) ( Table 2) .
Demographics
Pathology of DCM and Surgical Summary
A greater percentage of Caucasians (82.72%) exhibited spondylotic changes than East Asians (57.55%) (P < 0.001); however, there were no differences in the incidence of disc degeneration (73.46% vs. 70.75%, P ¼ 0.587), OPLL (28.40% vs. 30.19%, P ¼ 0.724), hypertrophy of the ligamentum flavum (25.00% vs. 21.70%, P ¼ 0.491), or subluxation (6.79% vs. 4.72%, P ¼ 0.445) between the two patient groups (Table 3 ). The frequency of OPLL in Caucasians was higher in patients from India (46.15%) and Turkey (41.38%) than in other countries (Figure 1 ), (P < 0.001). There were no differences between Caucasians and East Asians with respect to surgical approach, operative duration, or number of decompressed levels (Table 4) . Of the patients treated posteriorly, East Asians more frequently underwent laminoplasty (67.39%), whereas Caucasians were primarily treated by laminectomy with fusion (67.24%) (P < 0.001). On average, East Asians had a longer postoperative hospital stay (15.38 AE 10.32 days) than Caucasians (8.18 AE 8.49 days) (P < 0.001).
Functional and QOL Outcomes at 24 Months
Both Caucasian and East Asian patient groups demonstrated significant improvements in functional and QOL outcomes at 24 months following surgery. East Asians had a greater improvement in mJOA score [3. The first adjusted model compared postoperative outcomes between the two patient groups, while controlling for differences in patient characteristics (cardiovascular disease, psychiatric comorbidities, comorbidity score, duration of symptoms, and spondylosis). After adjustment, there was no longer a difference between East Asians and Caucasians with respect to the mJOA (P ¼ 0.062), Nurick (P ¼ 0.264), and SF-36 MCS (P ¼ 0.304). However, the differences in SF-36 PCS between the groups remained significant (P ¼ 0.047).
In a second set of adjusted models, we further controlled for differences in surgical characteristics between Caucasian and East Asian patients, including regional preferences in posterior techniques (laminoplasty vs. laminectomy and fusion). After adjustment, the differences in all outcome measures were statistically insignificant.
Perioperative Complications
There were no significant differences in rates of any perioperative complications, C5 nerve root palsy, progression of myelopathy, superficial or deep wound infections, dural tear, or new neck pain between the two cohorts ( Table 6) . A higher percentage of Caucasians (5.56%) than East Asians (0.94%) experienced postoperative dysphagia within 30 days of surgery (P ¼ 0.054). Means were compared using the appropriate t test and frequencies were compared using the Chi-square test. mJOA indicates modified Japanese Orthopaedic Association scale. 
DISCUSSION
This is the first prospective, large-scale, international study to evaluate differences in treatment outcomes between Caucasians and East Asians undergoing surgery for DCM. This study demonstrated that Caucasians and East Asians achieve comparable gains in functional status and QOL at 24 months postoperatively, after controlling for relevant differences in demographics, disease causation, and surgical characteristics. These findings indicate that race is not an independent predictor of functional status or QOL, and that the efficacy of decompressive surgery for DCM is equivalent in Caucasians and East Asians.
In many other diseases, clinical outcomes are significantly different between Caucasians and East Asians. [19] [20] [21] For example, in joint arthroplasty, Caucasians have a higher incidence of venous thrombus embolisms after surgery than Asians. 22 Conversely, East Asian patients demonstrate a two times higher rate of insert failure due to a floor-based lifestyle and a higher degree of active knee flexion. 23 In contrast to these outcomes, our study concluded that surgical decompression for DCM results in equivalent functional recovery and QOL improvements in both races. In addition, there were no significant differences in rates of perioperative complications between the two groups. These 
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DCM Surgery: Asians and Caucasians Nagoshi et al findings indicate that decompressive surgery for DCM is a universally safe and effective procedure, regardless of racial background. Interestingly, there was no significant difference in the incidence of OPLL between the two races; however, a greater percentage of Caucasians residing in India and Turkey exhibited evidence of OPLL than Caucasians enrolled at centers in other countries. Although OPLL is considered a disease common in East Asian populations, 24, 25 our findings indicate that individuals from India and Turkey may also be at a higher risk of OPLL development. In fact, a previous study reported that the incidence of OPLL in Indian Caucasians was 1% to 8%, a rate similar to that in East Asians. 26 A number of studies have reported that OPLL is a multifactorial disease that is influenced by a combination of genetic, clinical, and environmental factors. 17,27 -32 On the basis of our results, we hypothesize that environmental and occupational characteristics specific to these countries, along with certain genetic predispositions, may increase the risk of OPLL development in these populations. In particular, inter-racial marriages are common in these areas and result in greater diversity of genetic combinations and increased heterogeneity. In addition, Turks historically moved from Central Asia; this migration might also help to explain the higher incidence of OPLL in the Turkish population due to potential ties with Asian populations.
The high incidence of OPLL in India and Turkey could also reflect differences in diagnostic criteria across centers. In this study, there was no standardized protocol for diagnosing OPLL and not every patient was evaluated using a CT scan. The inter-and intraobserver reliabilities for OPLL diagnosis using plain lateral radiographs are 0.51 and 0.67, respectively, indicating only fair reliability. 33 The reliabilities of identifying OPLL using a CT scan are higher (inter: 0.70, intra: 0.85), but are still not perfect. 33 Future studies are required to develop standardized criteria for OPLL diagnosis.
It is also interesting to note that the frequency of spondylosis in Caucasians was significantly higher than in East Asians. A possible explanation for this discrepancy is that the degenerative process and pathophysiology of disease may vary across races. A previous cadaveric study revealed that degenerative changes of the cervical vertebrae were more pronounced in Caucasian Africans than in Native Africans. 34 Although rates in East Asian patients were not examined, this study demonstrated that Caucasians might have an increased tendency to develop spondylosis as part of the natural aging of the cervical spine. Another possibility for this difference is that terminology has not been standardized across continents and the definition of ''spondylosis'' remains unclear. Although Schmorl 35 defined spondylosis as osteophytosis of the vertebral body, spine surgeons and scientists occasionally use spondylosis to refer to spinal arthrosis and/or disc degeneration without vertebral changes. 36 This ambiguity and a lack of unified nomenclature might give rise to diagnostic differences across surgeons and spine centers. 
Limitations
There are limitations to this study that should be discussed. First, our study did not evaluate differences in outcomes across African Americans, Native Americans, or Oceanians due to a small number of patients in these racial cohorts. Second, there was no standardized surgical protocol and decisions surrounding surgical approach, number of levels to decompress, and whether or not to use instrumentation were left to the discretion of the attending surgeon. Third, although compliance with postoperative management was a requirement of this study, specific rehabilitation strategies were not defined in the study protocol and likely differed across regions. A final limitation of this study is the 19% attrition rate at 24-month follow-up; however, missing follow-up data were accounted for using the last observation carried forward approach.
FUTURE DIRECTIONS
Future studies are required to examine environmental and genetic factors associated with OPLL in various regions. Larger prospective studies that include genome-wide data may help to explain variability in demographics and causative pathology between Caucasians and East Asians. In addition, there is also a need to develop a classification system in order to standardize criteria for OPLL diagnosis. This system will allow for more reliable investigation of this disease.
CONCLUSION
This prospective multicenter study demonstrated that there were no differences in outcomes between Caucasian and East Asian patients at 24-month follow-up after adjusting for baseline and surgical characteristics. Furthermore, rates of perioperative complications were not different between the races. These results indicate that race is not an independent predictor of surgical outcome, and that decompressive surgery for DCM is equally effective and safe in Caucasians and East Asians.
Key Points
We compared functional and QOL outcomes between Caucasian and East Asian patients following cervical decompressive surgery for DCM. Caucasians and East Asians achieved comparable improvements in functional status and QOL at 24 months, after controlling for relevant differences in demographics, disease causation, and surgical characteristics. Race is not an independent predictor of functional status or QOL. Decompressive surgery for DCM is a universally safe and effective procedure, regardless of racial background. Interestingly, a greater percentage of Caucasians residing in India and Turkey exhibited evidence of OPLL than Caucasians enrolled at centers in other countries. The higher risk of OPLL development in these countries may be a result of environmental or genetic factors or may reflect regional differences in diagnostic criteria.
